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SUMMAE7 



Force-test measurements in two-dimensional flow have 
"been made in the NAGA 4- hy 6-foot vertical tunnel of. the 
characteristics of an NAGA 0015 airfoil with a "balanced" 
flap having a chord 30 percent of the airfoil chord and a 
flap-nose overhang 35 percent of the flap chord. The ef- 
fect on the aerodynamic section characteristics of the 
shape of the flap-nose overhang and the gap at the flap 
nose was investigated. A fev; tests were made to deter- 
mine the effectiveness of a 20-percent-flap-chord tal) on 
the "balanced control surface. 

The test results, presented in the form of aerody- 
namic section coefficients, indicate that the lift effec- 
tiveness of the flap v;a8 practically identical with, that 
of a similar flap previously tested on the NAOA 0009 air 
foil and with that of a plain unbalanced flap of the same 
chord on either airfoil. The slope-of the curve of hinge 
moment coefficient as a function of angle of attack was 
positive over a small range of angles of attack when the 
gap at the flap nose \ia.a unsealed. With a hlunt-nose 
flap the variation of flap hinge-moment coefficient wltlx 
flap deflection was ahout one-third, and with a medium- 
nose flap, ahout one-half that of a plain unhalanced flap 
of the same chord on the same airfoil. The flap-nose 
overhang v/as more effective as a halancing device when 
the gap at the flzip nose was unsealed than v;hen it M&a 
sealed. 
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IHTSODUOTIOU 



The UACA has . instituted an extensivB two-dimensional- 
flow investigation of the aerodynamic section characteris- 
tics of control surfaces in an effort to provide experi- 
mental data for design purposes and to determine the types 
of flap arrangement "best suited- for use as a control sur- 
face. In the first phase of this investigation the pres- 
sure distribution of the ITAOA 0009 airfoil v^ith many sizes 
of plain flap and tah was experimentally determined, The 
results of these tests have "been sunmariEed in reference 
1, v;hich presents parameters for determining some of the 
characteristics of a thin symmetrical airfoil with a plain 
flap of any chord. 

The second phase of the two-dimensional-flow investi- 
gation consisted, of force-test measurements of the charac- 
teristics of an KAOA 0009 airfoil with a ?0-p6roent-air- 
f oil-chord flap having various amounts of aerodynsimio "bal- 
ance, various flap-nose shapes, end various sizes of gap 
at the flap nose. The results of these tests are reported 
in references 2, 3, 4, and 5. The "effects of various cir- 
cular, elliptical, and 'beveled trailing edges on the hinge 
moment of a flap of thickened profile on the IJACA 0009 
airfoil vere investigated and the results are' presented 
in reference 6, 

A series of tests has "been undertaken to provide 
data for the ITACA 0015 airfoil with' flap arrangements 
similar to those already tested on the NAOA 0009 airfoil, ' 
The aerodynamic section characteristics of an IIAOA 0015 
airfoil v;ith a 30-percent-airf oil-chord (0,30c) plain 
flap v;-ith a 20-percent-f lap-chord (0o20cf) tah are given 

in reference 7, The present paper presents the aerody- 
namic section characteristics of an iffAOA 0015 airfoil 
having a O^SOc flap v/ith a- 0o35cf aerodynamic "balance of 

"blunt and medium nose shape-s and a 0o20c^ plain tab. 



APPAEATTJS AHD KOBUL 



The tests were made in the NACA 4- "by 6-foot vertical 
tunnel descrihed in reference 8, The test section of 
this tunnel has "been converted from the original open, 
circular, 5-f oot-diameter jet to a closed, rectangular, 
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4- by 6-foot throat for force testa of models in tvjo- 
dimQnj'ion.al flov. A three-couipciisrit ■balance s^'sti:;.' has 
beeTi instfillecL in the tunnel in crder that force-veat 
measurements of lift, drag, anil fitjhicg mCjLe.it may "be 
<jO made. 2ao hinge moaents of th^ flap and the lao ifex-e 

3- measured v/ith special t o.rq.iie-rod Tjalnncss "built into the 

\A model o 

2he 3-foot~chord "by 4-foot-span nodel (fij?, l) xiras 
made of laminated Eahogany (eaicjert for $i "brass ta"b)"to 
■ the HACA 0015 profile. (3oe tiible 1.) It va3 equipped 
v;ith a 0,30c flap and a O.COcf plain te"b, The flap had 

an aerodynamic "balance that ear-sonded foi-ward of tha flep- 
hings axis 35^ percent of the flap tihordo ^hia "balcnoe 
haS two- nose' 'sh'ap'^s ,■ "blunt and nediun (fi^r 1 aud 
11), which vere made in the form cf interohan^-'Tiaoie nose 
■blocks and. .u ere. fa.stened to the -^lap wibh wood gci-6'4J3. 
The gap'-at 'thV ntfse of the flap vas 0,5 of 1 percent of 
the .air.foil chord and for the sealed-gap tests it was 
fi'llo'd v;it'ii I'lght" grease . -he ta"b was made of "brass, 
v;ith a no.ge., radius^ approximately one-half the airfoil 
thickne'fes' at- the' tati-^hinge axis. The tah gap was O.i of 
1 percent of the airfoil chord. When sealed-gap tests 
v/ere made, this gap was filled \irith light greaseo 

The model, ^^hen mounted in the tunnel, completely 
spaAnj&.d tiie"- t-est; sjBCti.on,- W.ith this type of installation 
two-dimensional flov; is approximated, and the section ' 
characteristics of the airfoil, the flap, and the ta"b can 
"be determined. The model v/as attached to the Tialance 
frame "by torque tu"be8 that ex-tended through the sides of. 
the tunnelo The angle of attack was set from outside the 
tunnel "by rotating th^■ t-or.q.u« tu"be3 wi.th an electric 
drive. flap and ta"b deflections v/ere set inside the tun- 
nel- -lan-d: .were.- .held ^)y -friction clamps on the toraue rods 
that were used in measuri.ng the hinge moments. 

TESTS a 



The tests were made at a dynamic pressure of 15 
pounds per square foot, which corresponds to an air veloc- 
ity of a"bout 76 miles per hour at standard sea-level con- 
ditions. The effective Reynolds num'ber of the tests was 
approximately 2,760,000. (Effective Reynolds num"ber = 
test Reynolds num"ber X tur"bulence factor. The tur"bulence 
factor for the 4- "by 6-ft verticsa tunnel is 1.S3.) 
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The flap v/as set at deflections from 0° to 25° in 
5° increments. The tab v/as set at deflections from 0° 
to 20° in 5° increments for "botli flap-nose shapes. The 
tah tests were made with, the flap neutral and \irith "both 
flap and tali gaps unsealed "because in previous tests the 
"balanced flap v;as found more effective with the gap un- 
sealed. The "blunt and medium nose shapes were tested 
throughout the flap~deflection range tirith 0,005c and the 
sealed gaps. The lift, the drag, and the pitching mo~ 
ments of the airfoil and the hinge moments of the flap 
and the ta'b x-rere measured. For - each flap and ta'b setting, 
force tests were made throughout the angle-of-attack 
range at 2° increments from negative stall to positive 
stall. When either stall position was approached, the 
increment xiras reduced to 1 angle of attack. 

EE SUITS 
Sym'bols 

The coefficients and the symholg used in this paper 
are defined as follows: 

Cj airfoil section lift characteristics (l/qc) 

o^^ airfoil section profile-drag coefficient (dQ/q.c) 

airfoil section pitching-moment coefficient 
(m/qc3) 

3 

G-^^ flap section hinge-rmoment coefficient (hf/q.Cf } 

''h4. section hinge-rmojiient coefficient (ht/q.ct^) 
t 

v;here 

I airfoil section lift 

dg airfoil section profile drag 

m airfoil section pitching moment a"bout quarter- 
chord point of airfoil 



flap section hinge moment 



c 

Of 

q. 

and 
St 



teib seotion hinge moment 

chord of "basic airfoil with flap and tah neutral 
flap chord 
tah chord 
dynamic pressure 

angle of attack for airfoil of infinite aspect 
ratio 

flap deflection with respect to airfoil 
tah deflection vith respect to flap 
! follovjing parameters 5 



a 






a 
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The subscripts outside th.e parenthesis indicate the 
factors held constant when measuring the parameter* 



Precision 



The accuracy of the data is indicated "by the devia- 
tion from zero of lift and moment coefficients at zero 
angle of attack. The maximum error in effective angle of 
attack at zero lift appears to "be about ±0.2°, fflap de- 
flections were set to within ±0,2°, Tunnel corrections, 
experimentally determined in the 4- by 6-foot vertical 
tunnel, were applied only to lift. The hinge moments, 
therefore, are probably slightly higher than \irould be ob~ 
tained in free air and, consea.uently , the values pre- 
sented are considered to be conservative. The increments 
of drag should be reasonably independent of tunnel effect, 
although the absolute value is subject to an unknovm cor- 
rection. Inaccuracies in the section data presented are 
thought to be negligible relative to inaccuracies that 
v;ill be incurred in the application of the data to finite 
airfoils . 



The aerodynamic section characteristics of the 2JACA 
0015 airfoil with a balanced flap of blunt and medium 
nose shapes are presented in figures 2 and 3 as functions 
of airfoil section lift coefficients, figures 2(a) and 
3(a) present the characteristics with the gap at the fl^p 
nose sealed; figures 2(b) and 3(b) present the character- 
istics with the gap eq.ual to 0.005c, Increments of drag 
coefficient caused by deflection of the flap are pre- 
sented as a function of flap deflection at various angles 
of attack in figure 4 for the arrangements of flap tested. 
The characteristics of a 0.20cf tab on the balanced flap 

with both blunt and medium flap-nose shapes are presented 
in figures 5 and 6, 



Presentation of Data 
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DISCUSSION Off AEaODTHAI-IIO SE.CTIOH CHARACT3SISTICS 

Lift 

CO 

1$ Figures 3 and 3 indicate that the lift curves of the 

ITAOA 0015 airfoil for the various flap deflections are of 
the same general shape as those for the UACA 0009 airfoil 
(reference 5)o At any given flap deflection, however, 
the angle of attack at v;hich the airfoil stalls is ahout 
5° greater for the thicker airfoil bhan for the thinner 
airfoil and, consequently, the maximum lift coefficient 
of the thicker airfoil is greater "by ahout 0,4. Ihis ef- 
fect may he attributed to the greater nose radius on the 
thicker airfoil. 

Ihe slope of the 1-ift curve ci is listed in tahle 

III for each comhinatlon of flap-nose shape and gap. The 
value of cj^ was practically independent of the flap- 
nose shapes tested and decreased appreciably when the gap 
at the flap nose \iras unsealed, This fact is in agreement 
with the results for the HAOA 0009 airfoil (reference 5). 
Both v;ith the gap sealed and unsealed, however, the slope 
for the thicker airfoil v;as somewhat less than, that for 
the thinner airfoil. 

The effectiveness of the flap in producing lift 

f 



is tabulated for small flap deflections in table 

III. A comparison x^ith the data of reference 7 indicates 
that the sealed flap v/ith a 0,35cf overhang gave the same 

lift effectiveness as the plain flap.' This result is in 
agreement with previous teets of balanced flaps on the 
KAOA 0009 airfoil (references 3, 3, 4, and 5), A com- 
parison of the present data with the data of these ref- 
erences indicates that the lift effectiveness of the flap 
on the thicker airfoil is practically identical v/ith that 
for the same chord flap on the thinner airfoil regardless 
of the amount of flap overhang. 

With a sealed gap the lift effectiveness ' — ° 

v;as independent of the nose shapes tested, but 
the reduction in lift effectiveness vih.en a gap was 
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introduced icas greater vjitli the meditun nose shape than 
\uith the "blunt nose shape. At large positive angles of 
attack and positive flap deflections, separation of flov; 
caused the hlunt-nose flap to lose all lift effectiveness 
\ffhen deflected "beyond 15°; whereas, the medium-nose flap 
maintained some effectiveness to 25° flap deflection, 
Por negative angles of attack and positive flap deflec- 
tions, which is the normal operating range for a horizon- 
tal tail surface, however, the flap with either nose 
shape was effective in producing increments of lift to 
25° deflection, the largest deflection tested. Because 
of separation phenomena, the effectiveness at large de- 
flections v;as not so great as that at small deflections. 



Hinge element of Flap 

She variation of flap hinge-moaent coefficient v;ith 
angle of attack at zero flap deflection was such that the 
curve had a large negative slope at large negative and 
large positive angles of attack and a very small slope git 
small angles of attack. Apparently, the nature of the 
pressure distri^bution over the flap on the ITAOA 0015 air- 
foil is different from that over the flap of conventional 
profile on the UACA 0009 airfoil (reference 2). It is 
pro"ba"bly similar to that for the flap of thickened pro- 
file on the liAOA 0009 airfoil (reference 6). This simi- 
larity is indicated "by the fact that the slope ci^- is 

much smaller for the thicker airfoil than for the thinner 
airfoil, and the curves for the thicker airfoil are not 
so nearly linear over the e:itire angl e-of-attack vange as 
they are for the thinner aii^foil. The proha"ble nat-ure of 
the air flow over a flap of thickened profile is cLlscussed 
in reference 6. 

Generally, the 0.35cf balanced flap on the ITAC^ 0015 

airfoil, as on the SAGA 0009 airfoil (reference 5), was 

much more effective in reducing the flap hinge moments 
when the flap was deflected in opposition to the angle of 
attack than when it x^as deflected in conjunction with it 
(figs. 3 and 3), The range v/berein the "balance v;a8 most 
effective, however, is the normal operating range for a 
control surface. 

The hinge-moment parameters for all noge shaT)e8 and 
gaps tested are ta"bulated in tahle III. Because of 



nonlineaxity of the curves, the parametera Cj^ and 

measured at 0° flap deflection and angle of attack, 

respectively, represent the curves over only a snail range 
of angles, The relative values of the parameters for dif- 
ferent nose shapes and gaps are indicative, however, of 
the relative meritis of the halajicing pov/erg of each par- 
ticular arrangement, Jor a complete picture of the merits 
of each f lap-halance arrangeraent , the complete set of 
hinge-moment curves (figs. 3 and 3) must he taken into 
consideration and not too much reliance placed on the val- 
ues of the slopes measured g,t one particular point. The 
effect of aspect ratio on the hinge-moment characteristics 
is discussed in reference l. 

In general , the slope aji „ for the NAGA 0015 air- 

foil v/ith a 0.30c flap having a 0,35cf overhang vms con- 

siderahly smaller than that for the similar flap arrange- 
ment on the lIACi. 0009 airfoil (reference 5). The same 
result was found for the plain flap (reference 7). The 
slope Was practically th© samo for the halanced flap on 
hoth airfoils, although a comparison of references 2 and 
7 indicates that the value of ct,. for the plain un- 

"balanced flap on the thicker airfoil was only half as 
great as that for the similar flap on the thinner airfoil. 

Unsealing the gap at the nose of the flap increased 
the halance effectiveness for "both the hlunt and the 
medium flap-nose shapes. The slopes Cj^ "became posi- 

tive over a range of angles of attack of ah out :t5 , In 
this range, therefore, the flap will tend to float against 
the relative v;ind, which should cause the airplane static 
staoility with controls free to exceed that with controls 
fised. On the HAGA 0009 airfoil a much larger flap over- 
hang was required to ohtain similar hinge-moment charac- 
teristics (references 3, 4, and 5). 

Eudders with a large positive value of cji and con- 

siderahle frictional damping have heen reported to cause 
undesirable flying qualities on a numher of airplanes hav- 
ing small directional sta^bility. These airplanes shovred 
a tendency to oscillate in yav/ hut the undesirahle 
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characteristic has "been, cured "bj making Cj^^ and Cj^ 

(X 8 £ 

more negativeo iFlight teats of one airplane at Langley 
Memorial Aeronautical laljoratory in which the rudder had 
a positive value of Cj^^ and the airplane had a large 

amount of directional sta'oility indicated that the "be- 
havior of the airplane was satisfactory, A theoretical 
analysis currently lieing made at the Lahoratcry shows 
that a positive value of ch is desirahle provided that 

other factors are properly controlled^ 



Pitching Koment 

The slopes of the curves of pitehing-moment coeffi~ 
ciont as a function of lift coefficient at constant flap 
deflection and also at constant angle of attack aro tab- 
ulated in ta'ole III for the various arrangements of flap 
overhang, ' 

The results indicate that the aerodynamic center of 
the airfoil was at the 0«£3c station for the gap-sealed 
condition and .appro-imat oly at the 0^.330 pcint \vith the 
unsealed gap, when the circulation was •v;aried "by chang- 
ing the angle of attack of the airfoil. ' These positions 
are the same for both overhang nose ■ ehap ea The pocition 
for the sealed^gap condition agrees with that reporl,od in 
reference 7« VThcn the circulafcion was varied by chs.nges 
in the effective camber of the cirfoli^ caused by deflect 
ing the fl^-p, the aerodynamic center i/as at ths 0,43c 
station with the -unsealed gap aitd at the Oo4lc station 
with the sealed gap," Thic position was pi'acticail ly the • 
same as that for tho plain flap reported 3n refezence 7. 
The position of the aerodynamic center for deflection of 
the flap is a function of aspect ratio (reference 1) and 
will move toward the trailing edge as the aspect ratio 
is decreased. 



Drag 

Because of a relatively large unknown tunnel correc- 
tion, the drag coefficients cannot be 'considered absolute 
the relative values, hov;ever, should be independent of 
tunnel effect. The increments of drag coefficient vrere 
determined by deducting the drag coefficient of the air- 
foil with flap and tab neutral from the drag coefficient 
v^ith flap deflected, all other factors being constant. 
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Tlie minimum profile drag of the airfoil vrith a "blunt- 
nose "balanced flap vxas the same as that for the airfoil 
with a plain flap (reference 7), The minimum profile drag 
9;f the airfoil wag greater "by 0»0011 with the medium-nose 
OTerhang than with the "blunt-noge overhang, figure 4 in- 
dicates that the increments of profile-drag coefficient 
caused Tjy flap deflection were of nearly the same magni- 
tude for "both the "blujit and the medium nose-flap shapes, 
v^th the gap unsealed the increments of drag were gener- 
ally greater than ^■'ith the gap sealed. 



Ta"b Characteristics 

The increments of lift and flap hinge-moment coeffi- 
cients caused "by ta"b deflection, presented in .figures 5 . 
and. 6, were o"btained . "by deducting the coefficient v;ith 
tah neutral " from the. coefficient with ta"b deflected, all 
other factors "being constant. 

' In general,, the. ta"b characteristics are very similar 
to those for a ta"b on the plain flap (reference 7) al- - 
though with the "balanced flap the increments of flap hinge- 
moment coefficient caused hy ta"b deflection were slightly 
smaller at most", angles, of attack. 5he"ta"b characteristics 
are presented only f.or the flap-neutral condition; the 
increments caused "by tah deflection have "been shown "by 
previous tests (reference 7) to "be nearly independent of 
flap deflect! ono 

OOIICLTTSIOHS • • - 

The results of the .teats of the HAOA 0015 'ai-rf oil 
v;ith a "balanced flap having a chord SO percent of the . 
airfoil chord and a flap-nose overhang 35 percent of the 
flap chord indicate the folloi^ing conclusions v;hen com- 
pared v.'ith the results of previous tests of a similar 
■flap on the HAOA 0009 airfoil: 

1. The slope of the lift curve for. the STAOA 0015 
airfoil was found to "be independent of the flap-nose - 
shapes tested and decreased a.pprecia"bly when the gap at 
the flap nos'e was unsealed. V/ith the gap "both sealed 
and unsealed the lift-curve slopes for the ITACA 0015 
airfoil -were somewhat less than those for the STAOA 0009 
airf oilo 
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2. The lift effectiveness of the flap ^irith an orer- 
hang having a chord 35 percent of the flap chord on the 
NAOA 0015 airfoil was practically identical v;ith that of 
the similar flap on the UACi. 0009 airfoil and \i7ith that 
of the plain flap on either airfoil. 

3. The lift effectiveness of the flap with a sealed 
gap V7as independent of the nose shapes tested. The re- 
duction in lift effectiveness when a gap was introduced 
v;as greater with the medium nose shape than v;ith the "blunt 
nose shape. 

4. When deflected in conjunction with the angle of 
attack, the "blunt-nose flap lost all lift effectiveness 
when deflected greater than 15°, "but the medium-nose flap 
was somev;hat effective to 25°. ^^hen deflected in opposi- 
tion to the angle of attack, the flap with either nose 
shape was effective to 25°, 

5. The rate of change of flap section hinge-moment 
coefficient v;ith angle of attack was much smaller for the 
flap having an overhang 35 percent of the flap chord on 
the NACA 0015 airfoil than for the similar flap on the 
NAOA 0009 airioilo The curves for the thicker airfoil 
v;ere not so nearly linear as those for the thinner air- 
foil. Because of this nonlinearity , these values apply 
for only a small range of angles of attack, 

6. The rate of change of flap section hinge-moment 
coefficient with flap deflection was practically the same 
for the "balanced flap on "both the HAOA 0009 and the NAOA 
0015 airfoils. 

7. "Ensealing the gap at the nose of the flap in- 
creased the "balance effectiveness for flaps with "both the 
"blunt and the mediujn nose shapes. The rate of change of 
flap section hinge-moment coefficient with angle of attack 
"became positive over a small range of angles of attack, 

8. The curves of pitching-moment coefficient indi- 
cate that the aerodynamic center of the airfoil v/as lo- 
cated at the 0,23-chord station for the gap-aealed con- 
dition and approximately at the 0.23-chord point with the 
unsealed gap, 

9. The minimum profile drag of the airfoil with a 
"blunt-nose "balanced flap was the same as that for the 
plain flap, "but with, the medium-nose "balance the minimum 
profile-drag coefficient was increased "by 0.0011, 
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10. The increments of flap liinge-moiaent coefficient 
caused lay tab doflection on the "balanceol flap v;ere slightly- 
smaller at nost angles of attack than those caused "by a 
tab ojx the plain flap. 



Langlcy Menorial Aeronautical Xaboratory, 

ITational Advisory Cojnmittee for ileronautics , 
Iiangley -Pi eld, Va© 
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I£BLE I.- ORDIMSS FOa UAOA 0015 AIRFOIl 
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95 


1.01 


-1.01 


100 


(.16) 


- (-,16.) 


100 


0 


0 



L. E. radius; 2,48 



TABLE II.- Sn?ATI01IS AHD ORDIUATES POS HBDIUM-HOSB 

0.35c^> 0V3EHAJJG 



Station 


Ordinate 


(percent c) 


(percent o) 


0 


0 


.15 


.90 


.90 


3.12 


1.90 


2.92 


2.90 


3.45 


3. 90 


3.80 


4.90 


4.07 


6.90 


4.40 


8,90 


4. .50 


10.90 


4.45 


13.00- 


4.27 


14.67 


4.06 



Pair to UAOA 0015 
profile to trailing edge 



Hose radius = 1,75 percent o 



lABlB III.~ PAEAMETEH VALUES POE O.3O0 JIiAP 
WITH 0.35Cf OVEHHAUG- OH NACA 0015 AIEIOIL 





Blunt nose shape 


Medium nose shape 


Parameters 


&ap 
sealed 


G-ap 
0,005c 


Gap 
sealed 


Gap 
0,005c 


Ac A 

\ V " I • " t 


0,093 


0,079 


0.094 


0,080 




-»58 


-,53 


- . 58 


-.45 




-.0019 


.0013 


-.0015 


. 0006 




-,0039 


-.0022 


-.0053 


-.0033 




,020 


.035 


.030 


.030 


-X- 


-,160 


-.1.68 


-.155 1 


-.170 



MACA 




F.'g5i.4 



Air/oil conAujr to f/op- n&se isadius 



Grease sea/ 
or .005c gap 



Tab- hinge axis- 




6ee kible of ore/inafes 
Grease seaJ 
or .OOfc gap 



Medium nose 



/w^re/.- AJose shapes for a O.SOc flao yvifh 
0.35<^ gyerhana on an NACA OO/S aJr/hil 




5 



c/oz/Off^ //t^ro JO ^usu/st/ouy 



HACA 



_ Fig. 2ft 



t 





TaJj 'def/ecHon ^ Sf,c/e^ 

Figure iS'r Tab ^ecfion h'nge-momenf cxfeffideni otk/ increments of airfyil 
secT/bn lif-t coeff/c/enf- arx/ f/ap secffon h/nge-momenf coef/i'ct^srif 
caa^ec^ hu deffecHon of a Q20(^ p/a/n ApJn ^/unV noh& €l3ScLcoy»r- 



NAC.A ^^ig-^ 




